The objective of this study was to investigate the quality of milk from teats with milk flow disorders. Somatic cell count, pathogens, and signs of mastitis (>100,000 cells/ml and pathogens detected) were determined in the milk from all teats of the udder before treatment of the affected teat, as well as 1 and 6 mo later. Teats with milk flow disorders were compared to all of the other teats from the same udder. Before treatment, the SCC from affected teats was 4.3 million higher, the odds of detecting pathogens 6 times higher, and the odds of mastitis 11 times higher than in control teats (when adjusted for other significant explanatory variables). SCC and the risk of mastitis decreased after surgical treatment of the affected teats, whereas the chance of detecting pathogens was not affected. Six months after treatment, the SCC was 1.3 million higher, and the odds of mastitis 6.5 times higher than in control teats. Throughout the study period neither SCC, the odds of detecting pathogens, nor mastitis changed significantly in control teats. It may be concluded from this study that milk quality from teats with milk flow disorders is decreased before treatment and does not reach the milk quality from unaffected teats within 6 mo after treatment.
INTRODUCTION
Milk flow disorders are often associated with decreased milk quality. In milk from teats with milk flow disorders the average SCC was 2.5 million/ml, and pathogens were detected in 59% of the cases when presented to veterinarians . Despite treatment of the affected teat, composite SCC was on average 128,000 higher throughout lactation in affected cows than in unaffected cows . Milk flow disorders increased the risk of subclinical and clinical mastitis (Tschä ppä t et al., 1976; Witzig et al., 1984, Wigger and Martig, 1985; Agger and Willeberg, 1986; Zä hner, 1989; Bigras-Poulin et al., 1990; Kiossis et al., 2002) .
The objective of this study was to investigate SCC, the chance of detecting pathogens, and signs of mastitis in the milk from all quarters in cows with milk flow disorders both before and after treatment. We hypothesized that SCC and the odds of detecting pathogens or signs of mastitis are higher in milk from teats with milk flow disorders than in the remaining teats before treatment (first research hypothesis). We further hypothesized that milk quality from teats with milk flow disorders is equal to that of unaffeced teats 6 mo after treatment (second research hypothesis).
MATERIALS AND METHODS

Animals
This study was performed on 97 dairy cows that farmers had brought to the Veterinary Clinic Babenhausen in Bavaria between May 18, 1999, and February 1, 2000 , because they had problems milking one or two of the teats. The outer skin of the affected teat was mainly intact. A total of 100 hard milking teats were investigated. In 94 cows, only one teat was affected; three cows had two affected teats. Three cows had one blind quarter. The cows belonged to various breeds (Table 1) and originated from 78 herds. One cow was enrolled from each of 65 herds, 2 cows from 5 herds, and 3 or more from 5 herds.
Procedures
On referral, case history (Table 1) was determined, and a clinical examination (Table 2) performed. Before examination of the teat, cows received xylazine (0.2 ml of a 2% solution per 100 kg of body mass) and oxytocine (20 IU) intravenously. All udder examinations were performed at the quarter level. After cleaning the teats, hand milkability was assessed (milkable by hand/not milkable by hand). The teat tip to floor distance, and the teat length were measured; the teat tip thickness was determined using spring-loaded calipers (Hauptner, Solingen/Germany) (Hamann et al., 1996) . After disinfection, milk samples were taken to determine SCC (1000 cells/ml), and to culture pathogens (type) (Deutsche Veterinä rmedizinische Gesellschaft e.V., 2000). The pathogens were grouped into major, minor, and uncommon pathogens (Radostits et al., 2000) . Mastitis was defined as an SCC greater than 100,000 with pathogens present (Deutsche Veterinä rmedizinische Gesellschaft e.V., 1994); when no flakes were visible, the mastitis was defined as subclinical and when flakes were visible the mastitis was defined as clinical. Teat canal width was measured with a plug gauge (Johannson, 1957) ; the gauge used measured diameters from 1 to 5 mm in 0.5-mm steps. Teat canal length was determined with a thelometer (Querengä sser and Geishauser, 1999) (Thelometer; Eickemeyer, Tuttlingen, Germany). Cows were milked with a quarter milking machine equipped with four lactocorders (Foss, Hilleröd, Denmark) (Wellnitz et al., 1999) . The lactocorders measured peak milk flow, average milk flow, and milk yield. Upon initial examination, the affected teat was only milked for 1 min, to prevent further injury to the teat. The remaining milk was drained with a milking tube and weighed. All unaffected quarters were milked out by machine. To diagnose the cause of the milk flow disorder, all affected teats were examined by a veterinarian using teat endoscopy (Theloscope; Eickemeyer, Tuttlingen, Germany) (Medl and Querengä sser, 1994; Querengä sser, 1998) . With the endoscopic findings, the teats were classified into three groups as follows: 1) Rupture in the teat canal area without dislocation of tissue, 2) Rupture in the teat canal area with dislocation of tissue (inversion or eversion), and 3) Other . All milk flow disorders were surgically treated by the removal of dislocated tissue, dilation of narrowed teat canals, or extraction of free bodies from the teat cistern . After surgery, an antibiotic (600 mg of cefazolin; Merial, Halbergmoos, Germany) was administered into the teat cistern, either a silicone implant (SIMPL; profs-products.com, Germany) or a natural teat insert (NIT; profsproducts.com, Germany) was inserted into the teat canal, and the teat was bandaged and rested (not milked) for several days. Cows were reexamined 1 and 6 mo later in the herd of origin.
Statistics
The data were described as medians for continuous variables and as frequencies for categorical variables (descriptive statistics; Kreienbrock and Schach, 2000) . Affected teats were compared to unaffected (control) teats. Attempts were then made to draw conclusions from the data (inductive statistics). Linear regression was used (Myers, 1990) to assess the effect of milk flow disorder (present/not present), and the effect of time relative to treatment (0 = before treatment, 1 = 1 mo later, 6 = 6 mo later) on SCC. Logistic regression (Hosmer and Lemeshow 1989) was used to assess the effect on the odds of detecting pathogens or signs of mastitis. Because an interaction between the milk flow disorder and the square root of the months after treatment was assumed in the risk of detecting pathogens, an interaction term of milk flow disorder and the square root of the months after treatment was put into the pathogen model. Because a simple interaction between milk flow disorder and months after treatment was assumed in the mastitis risk, an interaction term of milk flow disorder and the months after treatment was put into the mastitis model. Other explanatory variables, known from the literature to affect the dependent variables, were included in the model and selected by a stepwise forward procedure. Effects of the individual cow were adjusted for by using generalized estimation equations (Liang and Zeger, 1986) . Odds ratios and confidence intervals were calculated from variable estimates and standard errors (Hosmer and Lemeshow, Milking time: When initially examined the affected teats were milked only for one minute to save the teat.
1989). The Statistical Analysis System (SAS 1999) was used for computation. The P value was set at < 0.1.
RESULTS
Descriptive Statistics
This study was performed predominantly on young brown swiss cows, kept in tie-stall barns, and belonging to herds with a median herd size of 38 cows. Cows were at a median of 3 mo in milk and mostly pretreated. Milk flow disorder predominantly affected hind teats (Table 1 ). In 96% of the affected teats, a rupture in the area of the teat canal was diagnosed (47% without tissue dislocation, 49% with tissue dislocation); in 4%, other causes were diagnosed. There seemed to be no difference between affected and unaffected teats in teat tip to floor distance, teat length, teat thickness, teat canal length, or teat canal width. Peak milk flow, average milk flow, and milk yield were lower in affected than in unaffected teats (Table 2) . On initial examination, somatic cells were found 22 times more frequently, and pathogens or signs of mastitis 5 times more frequently, in the milk of affected teats than in the milk from unaffected teats. Half a year later, somatic cells were found 7 times, pathogens 3 times, and mastitis 4 times more frequently in affected than in unaffected quarters (Table 2). Major pathogens (esculin-positive and -negative streptococci) were the most common isolate from affected teats througout the study period. In the milk from unaffected teats, the proportions of major and minor pathogens were similar during the initial examination. Half a year later, however, the percentage of major pathogens had increased in unaffected quarters and was now similar to that of affected quarters (Table 3) .
Inductive Statistics
In the multivariable model, on initial examination, SCC from teats with milk flow disorders was significantly higher compared to control teats, with an average difference of 4.3 million. SCC had decreased in the milk from affected teats one month after treatment. Six months after treatment SCC was still 1.3 million higher (Radostits et al., 2000) . 6 Minor pathogens: Sta. spp. (coagulase negative Sta.) and Corynebacterium bovis (Radostits et al., 2000) . 7 Uncommon pathogens: A. pyogenes and yeasts (Radostits et al., 2000) . than in unaffected teats according to that model. Quarter SCC was higher in free-stall barns than in tie-stall barns and increased with increasing teat end thickness and increasing teat canal width. Pathogens increased SCC. Somatic cell count was lower in Simmental breeds than in others and decreased with increasing milk yield and increasing milking time (Table 4 , Figure 1 ). Throughout the study period, the odds of detecting pathogens averaged 6 times higher (90% CI: 4.5 to 8.2 times higher) in the milk from affected teats than in the milk from unaffected teats. The odds of detecting pathogens increased herd size, with days in milk, and with SCC increased (Table 5, Figure 2) .
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Mastitis was 8.2 to 20 times more likely (90% confidence interval [CI] ) in quarters with milk flow disorders than in quarters without milkflow disorders (an average of 11 times more likely). In affected quarters the odds of mastitis decreased after treatment. Half a year after treatment, mastitis averaged 6.5 times more likely in affected quarters than in unaffected quarters (90% CI: 1.3 to 11 times more likely). The odds of mastitis increased with herd size, DIM, and with teat canal thickness (Table 6, Figure 3 ).
DISCUSSION
The results confirm the first research hypothesis as before treatment, either SCC, the odds of detecting pathogens, or the odds of mastitis were higher in milk from teats with milk flow disorders than in the milk from teats without milk flow disorders. This agrees with other studies reporting high SCC and frequent presence of pathogens in milk from teats with milk flow disorders (Tschä ppä t et al., 1976; Querengä sser et al., 2001) , and an association between teat injury and mastitis (Witzig et al., 1984; Wigger and Martig, 1985; Agger and Willeberg, 1986; Zä hner, 1989; Bigras-Poulin, et al., 1990) . In the present study, subclinical, not clinical mastitis was diagnosed in most quarters with milk flow disorders. Pathogens and high SCC in milk from teats with milk flow disorders may be a consequence of teat injury and of inappropriate pretreatment. Closure of the teat canal may be impaired after injury and might allow pathogens to enter the quarter, thus causing a high SCC. In a previous study, SCC averaged 1.6 million higher in cows that had been pretreated than cows that hadn't (Querengä sser . The second research hypothesis was rejected, however, because half a year after treatment, milk quality from affected teats was still not as good as from unaffected teats. During this period, SCC and the odds of mastitis had decreased in affected quarters, the odds of detecting pathogens, however, remained unchanged. The findings of this study are in accordance with others reporting a decline in SCC after treatment of milk flow disorders (Kiossis et al., 2002) . However, earlier studies have shown that the composite SCC in cows affected with milk flow disorders is higher throughout lactation , 1976; Agger and Willeberg, 1986) . Further study is needed to determine if pathogens from the affected quarter can infect the unaffected quarters. Because the odds of detecting pathogens were low in unaffected quarters and did not change throughout the study period, it may be hypothesized that the risk of infection is generally low. Our results agree with others (Gedek et al., 1987) , in that esculin-positive and -negative Streptococci were most frequently found in the milk from teats with milk flow disorders.
Other factors affected milk quality in this study: SCC decreased with increasing milking time (Bahr et al., 1995) and increased with increasing teat end thickness (Zecconi et al., 1996) , increasing teat canal width (Jorstad et al., 1989) , and pathogens detected (Querengä sser and . Swelling of the teat end, widening of the teat canal, infection with pathogens, and increase of SCC were significantly associated with the injury of the teat (P < 0.001). The odds of detecting pathogens increased with days in milk (Jayarao et al., 1999) , and the milk yield decreased with increasing SCC (Hortet and Seegers, 1999; . Further evaluation is needed to discover why quarter milk yield was higher in free stall barns than in tie stall barns, and why the odds of detecting pathogens or the odds of mastitis increased with increasing herd size.
It may be concluded from this study that milk quality from teats with milk flow disorders is lower than in teats without milk flow disorders before treatment, that milk quality from affected teats may not meet the milk quality of unaffected teats within half a year after treatment, and that milk quality from unaffected teats was normal and did not change within half a year after treatment of the affected teat.
